Heavy metal contamination of the groundwater of south West Bank in Palestine was assessed. The groundwater samples were analyzed for different trace heavy metals (Tl, Pb, Bi, Cr, Mn, Co, Ni, Cu, Zn, Mo, Ag, and Cd), and Al content by ICP/MS. This study was conducted to determine the water quality of ground water which is used for drinking in the study area. Water samples from ten groundwater wells were obtained in four different dates of the year (October 2012, November 2012, March 2013, and April 2013. Three water samples were obtained from each well for each sampling date. A total of 120 water samples were collected from the ten wells. The samples were analyzed for their pH, electrical conductivity, total dissolved solids, and different trace metals content. The pH, electrical conductivity, and total dissolved solids of all water samples were found to be within the US Environmental protection Agency limits. Results showed that Pb, Al, Cr, Co, Ni, Cu, Zn, and Mo were detected in all water samples analyzed in this study, while Tl, Bi, Mn, Ag, and Cd were detected in 80%, 88%, 90%, 75%, and 95% of the water samples analyzed in this study, respectively. In general, 93% of all samples analyzed contained one or more of the 13 metals studied each in varying concentration. Furthermore, results showed that the concentration of Cr, Mn, Ni, Cu, Zn, and Mo is within the allowed WHO limits in drinking water. However the concentration of Pb Cd, and Al are found to be higher than the allowed WHO limits in 40%, 8%, and 33% of the water samples analyzed in this study, respectively. Statistical analyses showed that concentrations of the metals studied in this study vary significantly between the ten ground water wells, indicating that the wells analyzed in this study is different from each other in terms of heavy metal content. Additionally, from the statistical results obtained, it was found that there is a significant difference in the concentration of the metals in each well for the four sampling times (October 2012, November 2012, March 2013, and April 2013, denoting that metal concentration in the wells vary significantly with sampling time. The results obtained from this study suggest a possible risk to the population of the study area given the toxicity of these metals, and the fact that for many people in the study area, ground water is a main source of their water supply.
Introduction
Groundwater contamination with heavy metals is one of the most important environmental issues as they are toxic even at low concentrations [1] [2] [3] . Human activities have increased the concentrations of heavy metals in the environment. For example, anthropogenic activities e.g. industry, agriculture, solid waste disposal increase the contents of heavy metals in different environmental matrices (e.g. water, soil, air), fruits, vegetables, fish. etc. [4] [5] [6] [7] . There are 35 metals that concern us because of occupational or residential exposure; 23 of these are heavy metals: antimony, arsenic, bismuth, cadmium, cerium, chromium, cobalt, copper, gallium, gold, iron, lead, manganese, mercury, nickel, platinum, silver, tellurium, thallium, tin, uranium, vanadium, and zinc [8] . Small amounts of these elements are common in our environment and diet and some are necessary for good health, but large amounts of any of them may cause acute or chronic toxicity. Health risks of heavy metals include reduced growth and development, cancer, organ damage, nervous system damage, and in extreme cases, death. Exposure to some metals, such as mercury and lead, may also cause development of autoimmunity, in which a person's immune system attacks its own cells. Heavy metals become toxic when they are not metabolized by the body and accumulate in the soft tissues. Heavy metals may enter the human body via food, water, air, or absorption through the skin in agriculture, industrial, or residential settings [9] .
Many studies have investigated the occurrence and monitoring of heavy metals in ground water and drinking water. Momodu and Anyakora (2010) [1] has assessed groundwater contamination with heavy metals (Pb, and Cd) and Aluminum in Nigeria, and results showed that there is a significant risk for the population from drinking groundwater as these metals were detected in 98% of water samples analyzed in that study. Laniyan et al. (2011) [10] as well as Oyeku and Eludoyin (2010) [11] were also investigated the occurrence of heavy metals in groundwater in Nigeria. Momot and Synzynys (2005) [12] has investigated toxic aluminum and heavy metals in groundwater of middle Russia and results showed that some heavy metals (Hg, Cr, and As) were detected. Batayneh (2010) [4] has studied heavy metal content in water springs of the Yarmouk Basin (Jordan) and results of the study showed that Yarmouk Basin in North Jordan are contaminated with heavy metals that might affect human health as well as the health of the ecosystem. Iqbal and Gupta (2009) [13] and Rajappa (2010) [14] has studied the heavy metal pollution of groundwater in India, where results showed that some heavy metals are detected in groundwater samples. Al-Omary (2013) [15] has determined trace metals in drinking water in Irbid (Jordan), and results showed that the level of most elements determined (As, Ba, Cd, Pb, Cr, Cu, Fe, Zn, Mn, Ni, and Se) were within the Jordanian standards and WHO standards for drinking water. Gutierrez et al. (2008) [16] has studied the occurrence of heavy metals in water of San Petro River in Mexico and results confirmed that the San Pedro River is contaminated with heavy metals and other contaminants that might affect human health as well as the health of the ecosystem. Kar et al. (2008) [17] has studied the assessment of heavy metals pollution in surface water in Ganga in West Bengal and results showed that the dominance of various heavy metals in the surface water of the river Ganga followed the sequence: Fe > Mn > Ni > Cr > Pb > Zn > Cu > Cd. Voica et al. (2012) [18] has determined different heavy metals in surface water from Transylvania/Romania and results showed that toxic heavy metals were detected in water samples in the range of few ppb. Ismail and Mat Saleh (2012) [19] have analyzed different heavy metals in water samples from Malysia and results showed that the concentrations of heavy metals in water samples were below the detection limit.
It is obvious from this literature that studies on the occurrence and determination of heavy metals in water (ground, drinking, surface. etc.) is an important issue for the human health and for environment. In Palestine, the principal water resources available include groundwater, springs, and harvested rainwater [20] . However, there are few studies in Palestine that dealt with pollution of groundwater with different pollutants e.g. pesticides, nitrates, chlorides, heavy metals. A study by Ghanem and Samhan (2012) [21] has focused on the assessment of pollution of groundwater in Tulkarem area with nitrate and chloride, and results indicated that there are many samples with nitrate concentrations exceeding the WHO standards of 45 mg/L for drinking water. Ghanem et al. (2011) [22] has also investigated the groundwater pollution due to pesticides and heavy metals in north West Bank, and results showed that Pb, Cd, and Cr are detected in the groundwater of north West Bank, with concentration of Pb higher that the WHO limit. El-Nahhal (2006) [23] has studied the contamination of groundwater with heavy metals in Gaza Strip where results showed that concentration of Cd, Pb, Fe, and Cr are above the EPA limits in some wells. However and according to our best knowledge there are no studies conducted on the analysis of heavy metals in south of West Bank. The objectives of the current study are therefore to study the occurrence of different trace metals, and to determine the concentration of different heavy metals (Tl, Pb, Bi, Cr, Mn, Co, Ni, Cu, Zn, Mo, Ag, and Cd) and Al in ground water samples collected in south of West Bank.
lected from the ten wells. The water samples were collected in 1-liter high density polyethylene bottles (precleaned with 10% nitric acid followed by repeated rinsing with bi-distilled water), stabilized with ultrapure nitric acid (0.5% HNO 3 ), preserved in a cool place (about 4˚C) and transported to the lab of Al-Quds University for further analysis. pH, electrical conductivity, and total dissolved solids were measured in the lab immediately after the arrival of the samples according to standard methods [28] . The samples were then analyzed for heavy metals content (Tl, Pb, Bi, Cr, Mn, Co, Ni, Cu, Zn, Mo, Ag, and Cd) and Al by ICP/MS (Agilent technologies 7500 series). [25, 26] . In the study area, there are 24 wells [27] .
Geography and Geology
South of West Bank including Jerusalem, Beitlehem, and Hebron have a highly varying topography and altitude; with the highest point at 1011 m above sea level and the lowest at 150 m above sea level. In terms of geology, the majority of the study area is rocky mainly comprised of carbonate sediment such as limestone, chalky limestone and dolomite with marl. The geological rock age formations range from Turonian to Upper Cenomanian [24] .
Sampling and Analysis
For accurate quantitative determination of heavy metals in water samples, an internal standard method was used using (In) as internal standard and a multi-standard calibration method: (22 metals Mo 50 ppm, Na 50 ppm, Ni 50 ppm, Pb 100 ppm, Sr 10 ppm, Tl 50 ppm, Zn 10 ppm, matrix 5% HNO 3 ). Samples were prepared by dilution of 1.0 mL of the water samples to 10.0 mL with 0.3% ultrapure nitric acid and analyzed by ICP/MS. Each sample was analyzed three times and the results are expressed as mean ± SD (SD: standard deviation). Relative standard deviation (RSD) of the three results are calculated and found to be less than 5% for all samples for all metals analyzed in this study, reflecting the precision of the method for the analysis of these heavy metals. Calibration curves for all metals analyzed were constructed by plotting the ratio of the intensity of the analyte metal to that of the internal standard (In) vs. concentration of the trace metal (in ppb), and results showed that the calibration curves are linear with correlation coefficient (r 2 ) greater than 0.999 for the trace metals analyzed.
The Agilent Technologies 7500 Series ICP-MS (Agilent 7500) can measure trace elements as low as one part per trillion (ppt) and quickly scan more than 70 elements to determine the composition of an unknown sample with a MassHunter Workstation software automates the analysis and accurately interprets the resulting data. The ICP/MS instrument consists of an on-board peristaltic pump that controls the flow of sample solution into and waste (drain) out of the instrument, a nebulizer (Micro Mist nebulizer) that uses a stream of argon to disperse the sample, an ICP Argon plasma torch using Argon as plasma gas, auxillary gas and nebulizer (carrier) gas, two pumps for evacuation, quadrupole mass analyzer with 0.8 amu resolution at 10% height, an octapole reaction system (ORS), and electron multiplier detector. The operating conditions are as follows: nebulizer gas (argon) flow rate: 0.9 L/min, auxiliary gas (argon) flow 0.3 L/min, plasma (Argon) gas flow: 15 L/min, reaction gas flow (helium) 4mL/min, lens voltage 7.25 V, ICP RF power: 1100 W, CeO/Ce = 1%, and Ce +2 /Ce +1 = 1%.
Statistical Analysis
Data were analyzed using Origin 9 software. Statistical differences were tested using one way ANOVA. Differences were considered significant at p values ≤ 0.05.
Results and Discussion
This study was conducted to investigate the quality of groundwater which is used for drinking in the study area.
The study area has severe water scarcity so people depend mainly on the groundwater and on the rain water harvested and stored in cisterns or wells. The pH of all water samples ranged between 7.0 -7.9 which is within the allowed WHO limit (6.5 -8.5). Electrical conductiv-ity and total dissolved solids of all water samples ranged from 196 -1389 µS/cm, and 112.0 -791.0 mg/L respectively. The limit for total dissolved solids in drinking water according to WHO is 1000 mg/L [29] , where our results showed that all water samples are within this limit.
Heavy Metals Content
Results showed that twelve heavy metals (Tl, Pb, Bi, Cr, Mn, Co, Ni, Cu, Zn, Mo, Ag, and Cd), and Al were detected in one or more water sample analyzed in this study. Table 1 Furthermore, results showed that the concentration of six heavy metals (Cr, Mn, Ni, Cu, Zn, and Mo) is within the allowed WHO limits in drinking water (50, 500, 20, 2000, 3000, and 70 ppb, respectively), however five of these metals (Cr, Ni, Cu, Zn, Mo) were detected in 100% of the water samples, and Mn was found to be existing in 90% of the water samples analyzed in this study. On the other hand, the concentration of Pb, Cd and Al are found to be higher than the allowed WHO limits (10, 3, and 200 ppb, respectively) in 40%, 8%, and 33% of the water samples analyzed in this study, respectively. The highest concentration of lead was found to be in well number PWA 1 with a concentration of 109.3 ppb (11 fold of the allowed WHO limits). Regarding Cd and Al, the highest concentrations of these metals were detected in well number Beit Fajjar (with concentration of 7.0 ppb) and PWA 3 (with concentration of 631.5 ppb), respectively. There is no limit for Ag in drinking water according to WHO, however it is usually found in drinking water in the range 5 -50 ppb. Our results showed that one sample contained 6.4 ppb of Ag, while the rest samples contain lower than 5 ppb. However it was found that 75% of water samples analyzed in this study contain this heavy metal (Ag). Co and Bi have also no limits in drinking water by WHO, however these metals were detected in 100% and 88% of the water samples analyzed in this study.
Thalium (Tl) is a highly toxic element that humans are exposed to mainly by consumption of drinking water and vegetables grown in soil with high thallium content but also through inhalation of particles in the air. Thallium is also present in fossil fuels, alloys, and in electronic utilities. The increasing use of the element and emissions from notably energy production has lead to a higher load on the surface of the Earth. The allowed WHO limits of Tl in water is 0.01 -1 ppb [30]. Our results showed that Tl is detected in 90% of the water samples analyzed with a range of 0.01 -1.0 ppb. This finding indicates that such concentration level of Tl is harmful to human being consuming this groundwater.
Trace Metals Pollution in Terms of Well Number
A one way ANOVA statistical test was used to test if the concentration of the analyzed metals is significantly different between the ten groundwater wells. Results showed that the ten wells in this study are different from each other at 95% confidence level in terms of heavy metal content. These findings confirm locational variations of the metals in the ten wells analyzed in this study. Figure 2 shows this variation for Pb as an example in the ten wells. This fluctuation in the concentration of trace metals in the ten wells analyzed in this study indicates that the sources of these metals are from anthropogenic and human activities e.g. arbitrary dumping sites, landfills, and industry. From Table 1 , it was found that the highest concentration of Tl, Pb, Bi, Al, Cr, Mn, Co, Ni, Cu, Zn, Mo, Ag, and Cd were found in well IZZ 1, PWA1, IZZ 1, PWA 3, IZZ 1, Beit Fajjar, Beit Fajjar, PWA 1, IZZ 1, Hundaz, IZZ 2, IZZ1, and Beit Fajjar, respectively. As it is clear from this result, IZZ1 well is highly contaminated with heavy metals compared to others as this well is located near some industrial activities.
Effect of Sampling Date on the Heavy Metal Content
Statistical analyses were conducted to test if there is significant difference in the concentration of the metals in the groundwater wells as a function of the sampling date (October 2012, November 2012, March 2013, and April 2013), and results confirmed that there is a significant difference, denoting that metal concentration in the wells vary significantly with sampling time. As it is seen in . This result may be explained by the fact that such heavy metals which arise from anthropogenic sources are collected and concentrated during no-rain months, and then washed in October and November (beginning of rainfall) with the rain runoff and leached to the groundwater through soil.
It was important to calculate the total concentration of all trace metals in the wells, and to compare this concentration in the ten wells in terms of sampling month. Results showed that the total concentration of the thirteen trace metals is highest in November and lowest in April in eight wells analyzed in this study (PWA1, Beit Fajjar, PWA3, JWC4, Bani Naem, IZZ1, IZZ2, and IZZ3). On the other hand, the total concentration for wells Hendaza, and PWA11 was found to be highest in March but the lowest total concentrations remains in April, see Table 1 . The high total concentration of trace metals found in November can be attributed to the leaching of theses heavy metals to the groundwater with rainfall in November, while in April these trace metals are diluted.
Sources of Heavy Metals in the Groundwater Samples
Heavy metals exist in water in colloidal, particulate and dissolved phases [31] with their occurrence in water bodies being either of natural origin (e.g. eroded minerals within sediments, leaching of ore deposits and volcanism extruded products) or of anthropogenic origin (i.e. solid waste disposal, industrial or domestic effluents) [3] . The most common heavy metals that humans are exposed to are Aluminium, Arsenic, Cadmium, Lead and Mercury. Aluminium has been associated with Alzheimer's and Parkinson's disease, senility and presenile dementia. Arsenic exposure can cause among other illness or symptoms cancer, abdominal pain and skin lesions. Cadmium exposure produces kidney damage and hypertension. Lead is a commutative poison and a possible human carcinogen [32] .
The quality of ground water sources are affected by the characteristics of the media through which the water passes to the ground water zone of saturation [33] , thus, the heavy metals discharged by industries, traffic, mu- nicipal wastes, hazardous waste sites as well as from fertilizers for agricultural purposes and accidental oil spillages from tankers can result in a steady rise in contamination of ground water [34] . Additionally, groundwater quality is influenced considerably by the quality of the recharge source. Variations in natural and human activities reflect spatial variations of the aquifer and the hydro chemical parameters of the groundwater. Pollution sources are classified as point sources and diffuse sources. Point sources are sources that can be clearly identified and pinpointed (such as landfill leachate). Diffuse sources cannot be pinpointed and are distributed over a large surface area (application of fertilizers and pesticides in agriculture). In Palestine, groundwater is one of the major sources of water. Efficient management of this resource requires a good understanding of its status. Groundwater management in the West bank is affected by the randomly distributed dumping sites, solid waste landfills, cesspits, especially in rural communities, as well as agricultural and industrial practices. Accordingly, the shallow aquifer in the eastern and western groundwater basins is deteriorated; high concentrations of nitrate and sulfate were detected larger than the WHO standards. Microorganisms were detected in some springs inside rural communities in Ramallah area. This could be reflected on the water supply for these communities for the fact that these water sources are the major sources for drinking and agricultural purposes [22] . Accordingly, the sources of the detected metals in groundwater wells of the study area which is used for drinking can be attributed to many sources, including, among others, dumping sites and landfills for solid waste disposal, cesspits, industries, traffic, as well as from fertilizers for agricultural purposes. The leachate of municipal wastes and landfills which contain heavy metals is transported to the ground water through soil. In addition to the leachate of landfills, un-controlled burning (incineration) of solid wastes in illegal waste dumping sites and landfills may also results in the contamination of groundwater with heavy metals. The most publicized concerns from environmentalists about the incineration of municipal solid wastes involve the fear that it produces significant amounts of emissions in their ash and flue gases including heavy metals [35] . Fly ash generated from waste incineration is usually contaminated with heavy metals and other dangerous substances and have to be treated as a hazardous residue. As a result of solid waste incineration, diverse pollutants are formed and emitted in flue gas including heavy metals e.g. Hg, Cd, Tl, As, Ni, Pb, Sb, Se, Sn, Zn, …, especially when wastes contain batteries, leather, pigments, cans. The heavy metals emitted from solid waste incineration process can reach water (surface, ground, rainwater..etc) and pollute it. Europe has been strongly committed since the early 1970s to the environment protection of air. In this ambit, it should be mentioned the Directive 2000/ 76/EC [36] . The emissions of heavy metals depend mostly on the waste characteristics and air pollution control devices. Air pollution residues produced in incineration processes are classified as hazardous solid waste mainly due to its high pH, and high content in volatile heavy metals [37] . As an example, cadmium is an environmental problematic toxic element that may arise in air emissions due to its thermal mobility. Although some countries restrict applications of Cd, frequent sources are electronic devices (including accumulators), paints, Ni-Cd batteries, and cadmium-stabilised plastics [38] . During incineration process, combustion temperatures determine the evaporation degree of heavy metals. Indeed, the following heavy metals: Hg, Cd, Tl, Sb, As, Pb, Cr, Co, Cu, Mn, Ni and V must be under control. These are very toxic metals since they are carcinogenic or may provoke respiratory damages. Lead and chromium are currently the most problematic heavy metals found in solid wastes residues that lead to a classification as hazardous waste [38] . Results of the current work have confirmed pollution of ground water collected in the study area, where thirteen metals including the toxic heavy metals: Pb, Cr , Cd, Mn, Co, Ni, Cu, Zn are detected.
In West Bank and especially in rural areas, people dispose their wastewater using cesspits which is one of the main pollution sources to groundwater. Most of these cesspits are emptied by vacuum tankers and disposed into wadis or to improper dumping sites. These dumping sites are located in agricultural lands and their sites were selected randomly without any consideration to the soil characteristics, topography and climate as well as groundwater. As none of the existing dumping sites is designed to collect leachate from solid waste degradation, the leachate always finds its way through the soil to the groundwater, increasing concentration of pollutants including heavy metals to the water. In addition to municipal wastes and cesspits, urban, agricultural and industrial activities in the study area may also contribute to the contamination of the groundwater with heavy metals.
Conclusion
Groundwater from south West Bank contains twelve heavy metals (Tl, Pb, Bi, Cr, Mn, Co, Ni, Cu, Zn, Mo, Ag, and Cd) and one metal (Al) in 93% of samples analyzed from ten wells, with eight trace metals (Pb, Al, Cr, Co, Ni, Cu, Zn, and Mo) detected in 100% of water samples analyzed. Concentrations of six heavy metals (Cr, Mn, Ni, Cu, Zn, and Mo) detected in the water samples analyzed in this study are within the allowed limits, but they are detected in almost all water samples analyzed in this study. The concentration of three metals (Pb, Cd, and Al) are higher than the allowed WHO limits in 40%, 8%, and 33% of the water samples analyzed in this study, respectively. Municipal waste, landfills, cesspits, and incineration of solid wastes in the study area are responsible for the occurrence of the trace metals detected in the groundwater of the study area. It is concluded that uncontrolled consumption of groundwater which is used for drinking in the study area may be dangerous for human health. Our recommendations are that uncontrolled disposal of wastes and incineration of solid waste should be banned and responsible authorities have to monitor and control the quality of groundwater periodically (e.g. heavy metals content) in West Bank as this water is used for drinking especially in regions suffering from water scarcity. Additionally other studies should be conducted for monitoring heavy metals in water (surface, ground, etc.) in other locations in Palestine.
